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LIFT, DRAG, AND PITCHING MOMENT OF LOW+MZE~TIO WINGS
AZ!SUBSONIC AND SUPERSONIC SEEEDS – TKG3NGUMR WING

OF ASHZC?TRATIO 2 WITE NACA000543 THICKNESS
DISTR~UTIONj CMKEREO AND TWTST!EDFQRA

!EMEEZOIDAL SPAN LOAD DISIKEKJTION

By Willard G. Smith and X. Ray Phelps

SUMMARY

A wing+ody cotiination havimg a plane trMngular w- of aspect
ratio 2 with NACA 0005453 thiclmess distribution h streamwise planes,
and twisted and cambered for a trapezoidal span load distribution has
been investigated at both subsonic and supersonic Mach nunibers. The
lift, drag, and pitching moment of the model are presented for Mach
nu??ibersfrom 0.60 to 0.90 and 1.30 to 1.70 at a Reyuolds number of 3.0
million. The variations of the characteristics with Reynolds n@er.
are also shown for several Mch nunbers.

●

INTRODUCTION

A research program is in progress at the Ames Aeronautical Labora-
tory to ascertain experimentally at subsonic and supersonic Mch nuribers
the characteristics of wings of interest in the design of high-speed
fighter airplanes. Variations in plan form, twist, caniber,and thick-
ness are being investigated. This report @ one of a series pertaining
to this ~ogram and presents results of tests of a wing+ody cofiination
having a triangular wing of aspect ratio 2 with NACA OOOXS thickness ‘
distribution in streamwise planes, and twisted and caniberedfor a trape-
zoidal span
program are
data herein

load distrflnztion. Results of other investigations in this
presented in references 1 to 5: As in these references, the
are presented without analysis to expedite publication.

NOTATION

b wing .spsn,feet
9
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‘i? man aero@mJnic chord ( ‘I /. - ),feet

c pro~ected

2 length of
inches

&
D

lift-drag

\/ ‘/2 c wo /
local wing chord, feet

body including portion removed to accommodate sting,

ratio

()~D- maximum lift+irag ratio

M

q

R

r

r.

s

x

x

z

Y

a

%

I
CL

cm

Mach nrmber

free-stream dynamic pressure, pounds per square foot

Reynolds number based on the mean aerodynamic chord

radius of body, inches

msximum body radius, inches

total projected wing area, including area formed by extending
leading wad traiHng edges to plane of symmetry, square feet

distance from wing leading edge in wing reference plane, inches

longitudinal distsnce from nose of body, inches

vertical

distance

angle of

distance from wing reference plane, inches

perpendicular to ylane of symmetry, feet

attack of body axis, degrees

drag coefficient
()

drag
m

()
lift coefficient Q&

pitchimg+uoment coefficient referred to

aerodynamic chord
(’ -

itch moment

qSG )

~

qusrter point of mean
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dCL

c
slope of the lift curve measured at zero lift$ per degree

dCm
slope of the pitching+moment curve measured at zero lift

~

Subscripts

u ~per surface of wing

L lower surface of wing

APPARATUS

Wind Tunnel and Equipment

The e~erimental Mvestfgationwas conducted in the Ames 6-by
&foot supersonic wind tunnel. In this wind tunnel, the Mach nuuibercan
be varied continuously and the stagnation presswe canbe regulated to
maintain a given test Remolds nuuber. The air is dried to prevent
formation of condensation shocks. Further imfor~tion onthis Wtid
tunnel is presented in reference 6.

The model was sting mounted in the tunnel, the dl.ameterof the
sting beimg about 73 percent of the diameter of the bbdy base. The pitch
plane of the model support was horizontal in the wind tunnel. Abalance
mounted on the sting support and enclosed within the body of the model
was used to measure-the–
balance was the &inch,
reference 7.

aerodynamic forces and moments on the model. The
four-co~onent strairegage balance described in

Model

A photograph of the model mounted in the Ames &by &foot wind
tunnel is shown in figure 1. A plan view of the model smd certain model
dimensions are given in figure 2. Other important geometric characte~
istics of the model are as follows:

.
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wing
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Aspect ratio . . . . . . . . . . . . . . . . . . . ..2
Taper ratio . . . . . . . . . . . . . . . . . . ...0
Thickness distribution (streamwise). . . . NACA 0005-63
Total area, S, square feet . . . . . . . . . . . . 4.014
Mean aerodynamic chord, F, feet. . . . . . . . . . 1.889
Incidence, degrees.... . . . . . . . . . . ...0
Distance, wing reference plane to body axis, feet . 0

Body

Fineness ratio (based on length, 1; fig. 2). . . . .12.5
Cross-section shape . . . . . . . . . . . . . Circular
Maximum cross-sectional area, square feet . . . 0.204
Ratio of maxianuncross-sectional area to
wing area . . . . . . . . . . . . . . . . . . o ● 0509

The twist and camber of the present wing was derived from a theo-
retical equation satisfying the linearized supersonic potential flow
equation and giving the shape of a surface for a uniform pressure di~
tribution. (see reference 8.) At the design Wch nuniberof 1.53 and
design lift coefficient of 0.25 the span load distribution was trapc+
zoidal, being constant to 62.5 percent of the semispag and iaryimg
linearly from there to zero at the tip. The section coordinates for
this wing are given in table I.

The wing was constructed of solid steel. The body spar was also
steel and covered with aluminum to form the body contours. The surfaces

.

—

.—

—

.

h

.-

of the w~ and”body were polished smooth.

TESTS MD PROCEDURE

Range of Test Variables .

The characteristics of the model (as a function of
were investigated for a range of Mach numbers from 0.60

angle of attack)
to 0.90 ahd from

l.soto 1.70. The major portion of the data was obtained at gReynolds
number of 3.0 million. Data were also obtained for Reynolds nuniberup
to 7.5 millionat Mach nunbers of 0.80, l.kO, and 1.60.

Reduction of Data

The test data have been reduced to standard NACA coefficient form.
.

Factors which could affect the accuracy of these results and the cor-
rections applied are discussed in the following paragraphs. .

~’
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Tunnel+rall interference.- .Correctionsto the subsonic results for
the tiduced effects of the tunnel walls resulting from lift on the model
were made according to the methods of reference 9. The numerical values
of these corrections (which were added to the uncorrected data) were

h =0.93 CL

A% = 0.016 %2

. No corrections were made to the pitching-momnt coefficients.

The effects of constriction of the flow at subsonic speeds by the
tunnel walls were taken into account by the method of reference 10. This
correction was calculated for conditions at zero angle of attack and was
applied throughout the Sngle+f+ttack range. At a Mach nuniberof 0.90,
this correction amounted to a ~ercent increase in the Mach number over
that determined from a calibration of the wind tunnel-without a model in
place.

For the tests at supersonic speeds, the reflection from the tunnel
walls of the Mach wave originating at the nose of the body did not cross
the model. No corrections were required, therefore, for tunnel+rall
effects.

Stream variations.- Tests at stisonic speeds in the &by afoot.
supersonic wind tunnel of a symmetrical model b both the normal and the
inverted positions have indicated no stream curvature or inclination in

. the pitch plane of the model. No measurements have been made, however,
of the stream curvature in the yaw plane. At stisonic speeds, the longi-
tudinal variation of static pressure in the region of the model is not
known accurately at present, but a preliminary survey has indicated that
it is less than 2 percent of the dynamic pressure. No correction for
this effect was made.

A survey of the air stream in the wind tunnel at supersonic speeds
(reference 6) has shown a stream curvature only in the yaw plane of the
model. The effects of this curvature on the measured characteristics of .
the present mcdel are not known, but are believed to be small as judged
by the results of reference Il. The survey also indicated that there is
a static-pressurevariation in the test section of sufficient magnitude ‘
to affect the drag resylts. A correction was added to the measured drag
coefficient, therefore, to account for the longitudinal buoyancy caused
by this static-pressurevariation. This correction varied ~om as much
as 4.0008 at a Mach nuniberof 1.30 ta +0.0009 at a Mach ntier of 1.70.

—

Support interference.- At subsonic speeds, the effects of support
interference on the aerodynamic characteristics of the model are not
know. For the present tailless model, it is believed that such effects

/
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consisted primarily of a change in the pressure at the base of the model.
In an effort to correct at least partially for this support interference,
the base pressure was measured and the drag data were adjusted to
spend to a base pressure equal to the static pressure of the free

At supersonic speeds, the effects of support interference of
body-sting configuration similar to that.of the present model are
by reference 12 to be confined to a change in base pressure. The

corre-
stream. _.

a - .—
shown .
pre- “’

viously mentioned adjustment of the drag for base pressure, therefore~
—

was appl~ed at supersonic speeds! ... _ —

RESULTS

The results are presented in this report without smalysis in order
to expedite publication. Figure 3 shows the’variation of lift coeffi- ‘.
cient with angle of attack and the variation of drag coefficient,
pitching+noment coefficient, and lift+irag ratio with lift coefficient
at a Reynolds nuniberof 3.0 million and at Mach nunibersfrom 0.60 to
1.70. The effect of Reynolds nuriberon th~aerodyn.amic characteristics
at Mach numbers of 0.80, l.~, and 1.60 is shown in figure 4. The
results presented in figure 3 haVe been sumiiarizedin figure 5 to Show
some important parameters as functions of l@ch nuniber. The slope parak _
eters in this figure have been’measured at zero lift.

-.

Ames Aeronautical Laboratory,
National Advisory Committee

Moffett Field, Calif.
for Aeronautics,

REFERENCES

1. Smith, IlonaldW., and Heitnyer, John C:: Lift, Drag, and”Pitchin&
Moment of Low+Aspect+atio Wings at S@sonic and Supersonic Speeds -
Plane Triangular Wtig of Aspect Ratio 2 With NACA 0008-63 Section.
NACARMA50K20, 1950.

2. Smith, Donald W., and Heitmeyer, John C.: Lift, Drag, and Pitching
Momnt of Low+spect+latio Wings at Subsonic and Supersonic Speeds -
Plane Triangular Wing of As~ect Ratio_2 With NACA 0005-63 Section.
NACARMA50K21, 1950.

9

4-

.<

.-
—

—

—

.

-.
.

● .

.



NACARM A50K27a w~ 7
.

3. Heitmeyer, John C., and Stephenson, Jack D.: Lift, Drag, and
k Pitching Momnt of Low+lspectAatio Wings at Subsonic and Super-

sonic Speeds - Plane !&iangular Wing of Aspect Ratio hWitJi
NACA 000%3 Section. NACA RMA50K24, 1950.

4. Phelps, E. Ray, and Smith, Willard G.: Lift, Drag, and Pitchhg
Mommt of Low+lspect+atio Wings at Subsonic end Supersonic Speeds -
Triangular Wing of Aspect Ratio 4With NACA 000~3 Thickness Dis-
tribution, Caniberedand Twisted for Trapezoidal Span Load Distri-
bution. NAcARMA50K24b, 1950.

5. Heitmyer, JohnC., and Smith, Willard G.: Lift, Drag, and Pitching
Mo~nt of Lcn+lspect+latio Wings at Subsonic and Supersonic Speeds -
Plane Triangular Wing of Aspect Ratio 2 With NACA 000M3 Section.
NAcARMA50K24a, 1950.

6. Frick, Charles W., and Olson, Robert N.: Flow Studies in the Asyn+
metric Adjustable Nozzle of the Ames &by 6-foot Supersonic Wind
Tunnel. NACARMA9E24, 1949.

7. Olson, Robert N., and M&ad, Merrill H.: Aerodynamic Study of a W@–.
Fuselage CombinationEmplo@ng a Wing Swept Back 63° –Effectiveness
of an Eleven as a Longitudinal Control and the Effects of Ca?iber
and Twist on the Maximum LiftArag Ratio at Supersonic Speeds.

. NACARMA50A31a, 1950.

8. Jones, Robert T.: Estimated Li.ft+lragRatios at Supersonic Speeds.
. NACA TN 1350, 1947.

9* Glauert, H.: The Elements of Aerofoil and Airscrew Theory. The
University %ess, Csmbridge, Xngland, 1926, ch. U.

10. Herriot, John G.: Blockage Corrections for Three=imensional+low
Closed+L%roat Wind Tunnels, with Consideration of the Effect of
Compressibility. NACARMA7B28, 1947.

U.. Lessing, Henry C.: Aero@namic Study of a Wing+’uselage Conibination
Employing a Wing Swept Back 63° –Effect of Sideslip on Aerodynamic
Characteristics at a Mach Number of 1.4 With the Wing Twisted and
Canibered. NACARMA50F09, 1950.

12. Perkins, Edward W.: Experimental Investigation of the Effects of ,
Support Interference on the Drag of Bodies of Revolution at a ~ch
Nbber of 1.5. N4CARMA8B05, 1948.



.

OJ

TABIE 11

COOIU)lXATFS FOR !CWSTED MU) CAMBEFJED TMMWLAR WING OF ASPWT RATIO 2
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Figure 1.- Model in the Ames & by 6-fret supersonic wind tunnel.
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Figure 3. — Tk variation of the aerodynamk characten%tiix with It%t coefficient at vwribus Mach numbers.

Reynolds number, 3.0 million.
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